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abstract 

We report here the firat uae of ion beaaa in the electronic 
atopping region to laprove the adheaion of Inaulatora to other 
■ateriala. In particular, we have draaatically loproved the 
bonding of Au filoa to teflon, ferrite, and SiOg by boabarding 
then vith He and Cl, reapectively. loproveaenta in bonding have 
alao been obaerved for Au on glaaa, Au and Cu on aapphire, and 
Si^N^ on Si. The aechanlaB la apparently aaaoclated with sputter- 
ing and track-forming proceasea occurring in the electronic 
■topping region. Numerous applications are discussed. 
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ABSntACT 

No roport iMro tla first u«a of ion boans In tho olootronlo 
stopping roglon to laproro tho adhoslon of Insulates to othar 
sMtorlals. In pMtloular, no havo drssMtleally laprovod tho 
bonding of Au fllns to toflon, forrlts, and SIO^ by bo^ardlng 
than with Ha and Cl, raspaetlvaly. XnprovasMnts in bonding hava 
also bsM obsarvad for Au on glass, Au and Cu on sapphlra, and 

on SI. tha nsohanlsai is apparantly asaoolatad with sputtar* 
Ing and track* fortalng proeassas occurring In tha alactronle 
stopping raglon. Nuaarous applications ara dlsoussad. 
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lMi«b«aB-induc«d atoale aisiat ^ ^ vall kaowii taclmiqaa for iaproviag 

tho boadlnc at an latarfaoa bacwaan diaaiailar aatarlala. Uacll noa tha 

too baaH uaad for alaclat baat had wiartlaa In cha mielaar ato^iim ragioa. 

In raeant Taars an axtraordlnarlly povarfal apinrtaring aachanlaa has baan 

found to oparata In tba alaetronle atopplng ragion in a larga elaaa of 
l-bv 

Inaulatora ). Cmaaquantly, aa auapactad that l<m hoabardaant In tha 
alaetronie atopplng ragion oould ba usad to iaprova tha bonding bataaan an 
inaulator and any othar solid. In this lattar «a raport on savara.l systaaa 
that aadhibit iaprovad bonding after vary high anargy bonbardnant: Au on 
taflon, Au on SIO^, Au on farrita, Au on soda- lias glass, Au on Al^O^, Cu 
on AlgQj, and Sl^Nj^ on Si. 

Tha axparlaantal tachnlquas raqulrad to danonstrata tha bonding ara 
sinpla. Conanrcial grada taflon, farrita, fusad quarta, sapphira, ai^ soda- 
lias glass wars claanad with trichloroathylana, nitric acid and nathanol 
bafora balng loadad into a diffusion-punpad avaporatot^. Wa avaporatad 

* • mS 

200A-500A of Au or Cu <»to tha saq>las in a vacuum of I X 10 Torr. Tha 
filns on Si vara fomsd by sputtar dapoaition in an RF discharga 
sputtarlng chaobar. Wo irradlatad tha films with 1 MaV Ha, 2 HaV H, 5 MaV F 
and 20 MaV Cl baaas from tha CNR-CtT tandaa accalarator. Tha baam spot was 
in moat easas dafocuaaad to a horlsontal strips 1 cm long and O.I cm mida. 

A .baam swoapar was not avallabla, so tha baam dosa in aach spot was uniform 
to within a factor of two only. This did not prova to ba a sarlous problem. 
After tha irradiations we tasted tha adhesion of tha films with tha "Scotch 
Tape test": a place of tape firmly pressed onto tha film was slowly pullod 

off by hand. Tha affect obtained from tha hi^ energy bodbardmants is so 
dramstic that mors quantitative tests of adhesion ware not nacassary. 

Enhanced bonding has baan easiest to produce with Au on teflon. A 
fluanca of 3-4 x 10 /cm Ha at 1 MeV produces a strong bond. In fig. I 
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«• tliov a photogra^ of a 500 1 Au flla on taflon boabttdad with 1 HaV alpha 
partlclss at f luancaa of 2 x 10^/ ea^ > x 10^/ ea^ and 8 x 10^/ ea^ . Tba 

baaa ourranta vara about 150 nA/ca^ (4-1 eharga atata), iriileh alloaad Ixradia- 
tloo tlaaa of 2 ain or lata. Tha poaar dalivarad by tha baaa aaa approal- 
aataly 0.15 aatt^ea^. Tha tapa aaaily pullad tha Au froa tiia unlxradtatad 
araaa. Motlea that tha Au did not adhara to tha cMtral ration of tha hi^iaat 
fluanea spot. Our non-unlfota baaa tandad to ba aora Intanaa In tba cantar. 
Tha taflon cannot irithatand fluwicaa that ara too high; doaaa abova 
S X 10 /ca do not produea laprovad adhaalon at 1 HaV Ineidant anargy and 
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ISO nA/ca^ Incidant baaa currant. A fluanea of 1 x 10 /ca did not produce 

anhancad bonding idian taatad Inaadiataly after tha Irradiation, but idian 

caatad fiaa daya later it produced bonding eoaparabla to tha alightly hi^r 

doaaa. Why thu apparent iagtroaaaant appaara after aging in air at Knoa 

ta^taratura ia not known; tha raault nay ba produced by variationa in tha 

adhaalon of tha tapa to tha Au film. 2 MaV protema produced axeallant ra- 

Ik , 2 

aulta at a done of about 5 x 10 /cb , which la alnoat tan tinea greater than 

that required for 1 MaV alphaa. A lower proton energy probably would have 

allowed ua to dacreaaa tha fluanea. F baaaa at 5 MaV vara found to Inprova 

12 2 

the bonding at fluancaa abova S x 10 /cm . 

Wa can enhance tha bonding of Au to SiO^ by uaing a haaviar particle, 

Cl. Thla bean waa choaan bacauaa it la tha haaviaat one aaaily available 
from our accelerator; Ar would have worked juat aa wall. Cl at 20 MaV 

q e 2 ^ 

draawitically laqnrovaa tha bonding with a fluanea of 1 x lO^/aa (fig. 2 ). 

Ik/ 2 

A finance of 5 x 10 /cb produeaa an affect that ia Juat barely obaarvable 

with our tapa teat. Aging the irradiated aaople for two weeka In air at rooB 
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teaparatura aubatantially Improved the tape teat reault for 1 x 10 /cB . 
Fluorine irradiation had no influence on thia coablnation at doaaa up to 


1 X 10^/ ea^. Ttaua^ th« bondii^ tadilblts a thrMhold net oaly in th« flutoo* 
but «lJo la thA acoale mariiAx of tba Inctdant yartielA. Thla b«haYlar la 
•lallar to that fouod vith ragistratioa thrathoidi la aoelaar track prodiic- 
tloa, a phcnntnnn vhleh la probably ralatad to oor boadlag ■cfihcnlf Va 
alao aaapocatad Au oato a 2000A SIO 2 flla oa a SI aubatrata. Iha raaulta 
froa Cl bortbardaant of thla film oa a flla aara Idaatleal to thoaa froa tha 
bulk SlOg CMplaa. 

Au oa a nlckal-alac faxrlta auppllad to ua by IBK proved to ba tha aoat 

vail bahavad aystaa that va stv iii i. 5 .ia7 ? at 2 X 10 ^/ca^ and 20 KaV Cl 
13 2 

at 3 X 10 /ca produced a strong bond. For both Incident baaaa tiia adhaalon 
vaa laprovad over a vide range of Incldan' fluancaa. Tha rasulta froa one of 
our taps taata can ba aaan In fig. 3. 

Our taata of Au on glaaa and of Si^N|^ on SI produced anhancaaanta that 
vara not aa draaatle aa on tha pravlcua ayateaa. In both caaea va uaad Cl 
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baaaa. 20 MaV Cl at 1 x 10 /ea Juat barely produced iaprovad bonding onto 

tha glaaa aubatrata only after tha Irradiated apot had aged In air at room 

tanparatura for tvo vaaka. Soma of our fllna adhered to SI quite vail 

vlthout any help fron our Ion baaaa. Ode batch that did not adhere vail, 

hewavar, vaa bonded to the SI atrongly enou^ to paaa tha tape teat ualng Cl 

at 20 Ma^ and 5 HaV vlth a fluanca of 1 x 10 ^/ca^. Vary hl^ doaaa of 20 NaV 
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Cl iaprovad the b<»ding of Au and Cu to sapphire. About 1 x 10 /cm vaa 
needed for the Au to paaa the tape teat, vhlla 3 x 10 /ea vaa required for 
tha Gu. For aapphlre a haavlar Incident particle la clearly preferable. 

Tha aschanlaa that producaa tha bonding la not undaratood, though It 
la apparently aaaoclatad vlth tha aputtarlng oachanlaa that operataa In thla 
energy range. What va knear about tha aputtarlng procaaa can give ua aosw 
cluaa about tha enhanced adhaalon. Enhanced bonding ahould appear In tha 


•iMtironio acopi^lat ^ 09 both of tho Mdl* art olaetrleal 

laMlaton, aai It okould oImv tho ftootoot offoot whoa tho iBoUtat loo 
la ooar tho poak of tho olaotroolo otopplat povwr. Tho oonog otow la tho 
dloroptad aadlw hovo oaosgloa that ova aoeh lownr thaa that la tho oolllaloa 
prodttood h^ lov oDorfjr loaa. If thara la aialng at lha latarfaaa, 
tha alxad layar ahc ' not ba aasy thlek. Aaalyaao of ^a apattacad atoaa 
auggaat that ^ j prodooad by tha Inetdaat partlola oaa ba ohataetarlaad 
by a taavozatara typically a fav theuaaad da gr aa a KalTla^}. Pacliapa tha 
l ap r oaad bead la a aort of apot aald. 

Thla proaaaa laada Itaalf to iR^ortaat but atapla applloatloaa, Thwra 
aca aaay altuatlooa In which It la naeaaaary to bood a good eoaduotor to aa 
inaulator: printad eiroult boazda, latagcatad olrealta, alrrora, farrlta 
haada for tapa and dlak drlwaa, ato. 31aea aaay protaotlva ooatlaga aueh aa 
palata ara inaulatora, eba propartlaa of protaetad aurfaeaa oould ba l aprowa d 
altar tha coating baa boon applied. Thla aachanlaa oould alao ba uaad to 
b<Mid laaulatora to Inaulatora for ^lleatlmia aueh aa ooatad optlr^. Matal- 
llaatloa of polyaara la probably tha aaalaat application, alaca hl^h Margy 
Ha baaaa can ba produced with a aodaat ai^aratua. A oaa allllaap alpha baaa 
could bond aatala to teflon at a >ra.:a of over 150 at /aae. Nuclear raaetlmia 
and alpha anlttara could alao ba uaad to parfora tha bonbardnanta. For 

Inatanea, in a nuelaar reactor tha ^^B(n,a)^Ll, ^a(n,p)T, ^Ll(n,a)T, and 

255 

U(n,f) raaetiona could ba uaad to procaaa natalllaad polynara with vary 
large aurfaca arena. Since nautrooa can panatrata deep into a aolid, tha 
procaaa la not llaltad to hooding thin fllac to aubatrataa. In addition, 
high energy Ion baana have advantagaa over 1<m energy lon*lnducad nixing. 

Tha bean partlolaa travel far beyond tha bonded interface ao they do not 
cootaalnata It. Furthwtfiora, a hl^ anargy loo bMn would not aputtar away 



th« Bttal film M « low aiiargy b«aB would. In anny way* this hl|^ onargy 
Mchanira could b« nor* oonvunlcnt to ua« than low energy ion techniquee. 
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riGUU CAPTIONS 


Fit* 1. k 500 X Att Fila on t«f lOQ boabatdad with t 1 Ha7 ^ b«ni 
at fluanoai p£ 2 X 10^/c*^, 2 x 10^/«®, K x lo“/o«® 
and 8 X 10 /cm {from tha bottoa to tha top). "Seotoh 
Tapa tast" haa baaa dona only on tha 7.a£t-hand of tha 
aanpla and tha uppar blank vaa unavaporatad araa. 

Fig. 2. A 500 X Au flla on SIO^ bonbardad vlth a 20 MaV Cl baaai at 

IS P 

fluanca of 1 x 10 /car. "Scotch Tapa taaf* haa baan dona 
Calca on tha rl^t-hand of tha aaa^la and a aubatantial 
Inprovanant can ba aaan on tha aacond taat aftar aging tha 
Irradiatad aanpla for two vaaka In air at room caaparatura. 

Fig. 3. A 500 A Au film on nickal«iittc farrlta baid>ardad with a 

20 NaV Cl beam at f luancaa of 3 x 10^/ ca^, 1 x lO^^/ea^ and 
lii p 

3 X 10 /cm (from tha top to tha bottom). "Scotch Tapa 
taat" haa baan dona only on tha rl^t*hand of tha aanpla 
anl tha uppar blank vaa unavaporatad araa. 
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